ABSTRACT -Considering the importance of mathematical models in the development and analysis of grain drying systems, and understanding the need to develop interfaces that will improve the accessibility of these models, this work aimed to: a) implement the Thompson model to simulate grain drying at high temperatures; b) develop an appropriate language to generate drying models; and c) develop a graphical interface with the goal of facilitating user understanding. Thus the computational program LINSEC that was created using the programming language Visual Basic 6.0. LINSEC was highly effective for the modeling and simulation of drying systems and in providing simulated values close to reality. LINSEC is highly flexible and user-friendly during the modeling of several types of dryers.
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It has been proved that mathematical modeling and simulation are important tools in the development, design and analysis of grain drying systems. These activities normally require programming language skills. Therefore, this scenario indicates the need to develop graphical interfaces that can aid modeling and simulation of drying systems. Therefore, this work presents a computational toolset that provides modeling and simulation drying systems with a graphical interface.
MATERIAL AND METHODS
A computational program known as LINSEC was implemented through the use of the program Visual Basic, version 6.0. It is a graphically oriented simulation toolset that allows the assemblage of computational models of grain dryers and simulation of the drying process according to Thompson's model. The organized block structure of the model permits the modeling and simulation of several types of grain drying systems.
The blocks are related to air, products and dryers. Each block represents an integral specific part of the drying system. LINSEC disposes of fifteen blocks. In order to model a dryer system, users need to select blocks according to dryer configuration.
LINSEC works in the following way: (a) the blocks that represent the drying system parts are inserted in the workspace; (b) the blocks are connected accordingly to the logic that governs the drying systems, leading to the flow sheet of air and product movement; (c) an instructional code of LINSEC language is generated; and (d) LINSEC compiles the language and simulates the drying on the basis proposed by Thompson, Peart e Foster (1968) . The conceptual model related to the modeling of drying systems using LINSEC can be seen in Figure 1 .
The drying process was divided into several subprocesses. The grain bed was considered as several layers with reduced thickness, placed upon each other. The variations in the conditions of air and grain in each layer were calculated based on small increments of time. All steps and equations are presented by Souza, Queiroz and Lacerda Filho (2002) and Dalpasquale and Sperandio (2010) .
INTRODUCTION
Artificial drying of agricultural products is a technology which usually utilizes high cost equipment with high energy consumption in order to heat the air used for drying (REINATO et al., 2002; SHARMA; CHEN; LAN, 2009) . Among drying modalities, drying at high temperatures is the most commonly used technology in commercial grain storage facilities (LUANGMALAWAT et al., 2007) . This technology generates a gradient of humidity which accelerates the drying process, extends the shelf life of agricultural products (ERENTURK; ERENTURK; TABIL, 2004) and prevents losses due to the low water activity achieved (ULLMANN et al., 2010) . However, it also creates conditions that can cause discoloration, cracks and fissures on the grains (BUNYAWANICHAKUL et al., 2007; LUANGMALAWAT et al., 2007; NISHIYAMA; ZAO; LI., 2005; RAO; BAL; GOSWAMI, 2006) . In this case, the equipment must be designed in order to prevent these changes, preserve product quality and maximize dryer efficiency.
The main goal of drying is to remove excess water from the product until it reaches the ideal level of moisture content. This level is required in order to store, process and commercialize grain in a safe mode (JAYAS; WHITE, 2003; LIU et al., 2007; OLIVEIRA et al., 2010) . To achieve this objective on a commercial scale, the use of high-capacity dryers that employ high drying-air temperature is recommended. These dryer systems generally imply high acquisition cost, heating energy consumption, and electrical energy usage (REINATO et al., 2002; SHARMA; CHEN; LAN, 2009 ).
Generally, drying mathematical models are used to predict final moisture content and output product temperature of products and drying time (DALPASQUALE et al., 2007) . The mathematical model consists of heat and mass transfer interaction between the product and drying air. Even though empirical equations provide very accurate results for each specific experiment, they are not valid for other conditions. Simulation models are therefore recommended for describing the drying process (MOVAGHARNEJAD; NIKZAD, 2007).
Thompson's model is one of the most rewarding options for simulating grain drying at high temperatures, because of its lower requirement for computational resources and accuracy in estimating the output variables. This model is based on energy and mass transfer laws and an empirical equation of thin-layer drying of grain (DALPASQUALE; SPERANDIO, 2010). It was formulated considering the thin layer concept, with a simultaneous change of moisture content, air and grain temperature, and relative humidity (SOUZA; QUEIROZ; LACERDA FILHO, 2002) . ) and product flow (kg s ) and height of grain column (m). If drying chamber is vertical and circular with inlet drying air duct in the center, it is necessary to enter the inner and outer diameter and the height of the drying chamber Figure 2 -(a) Conceptual model that represents the fixed bed dryer and (b) model that represents the fixed bed dryer in the LINSEC under the same experimental conditions specified by Silva (1980) In order to test LINSEC, two different sets of data related to the corn drying were employed: (i) the first one refers to a fixed bed dryer designed by Silva (1980) , and (ii) the second to a concurrent flow dryer developed by Queiroz et al. (1988) . Figure 2 shows a flowchart that represents the fixed bed dryer under the same experimental conditions carried out by Silva (1980) . The drying chamber of a fixed bed dryer was modeled with a cross section of 1.0 m 2 , and column height of 0.305 m grain. The experimental data of nine drying tests accomplished by Silva (1980) is presented in Table 4 .
Fixed bed dryer modeling

Concurrent flow dryer modeling
The Figure 3 presents the flowchart that represents the concurrent flow dryer under the same experimental conditions conducted by Queiroz et al. (1988) . Table 4 -Drying conditions used in the experimental tests conducted by Silva (1980) Queiroz et al. (1988) The experimental data of the nine tests conducted by Queiroz et al. (1988) are presented in Table 5 . Figure 4 shows the results of the average final moisture content simulated by LINSEC and experimental data obtained by Silva (1980) . As can be seen in Figure 4 , the final moisture content simulated by LINSEC was higher than the experimental data. The mean and maximum absolute differences between simulated and experimental moisture contents were 1.82% w.b. and 3.13% w.b., respectively. Martins et al. (1982) performed the same comparative test using the MSU (Michigan State University) simulated and experimental data and obtained the mean and maximum differences of 0.88% w.b. and 3.45% w.b., respectively. As showed in Figure 4 , the residual values demonstrate that simulated data presented a stochastic distribution and a systematic mean error. Figure 5 presents the results of the water removed from the grains in the simulated tests versus experimental tests carried out by Silva (1980) . Figure 5 shows that simulated values of the amount of water removed from the grains were underestimated in relation to the experimental values. The mean and maximum absolute differences between the simulated and experimental data were 2.16% and 3.37%, respectively. As showed in Figure 5 , the residual distribution values demonstrate that simulation results presented stochastically distributed and systematic mean error. The correlation coefficient was 0.9840.
RESULTS AND DISCUSSION
The results of the average final moisture content simulated by LINSEC and experimentally obtained data by Queiroz et al. (1988) can be seen in Figure 6 . According to Figure 6 final moisture content simulated by LINSEC was higher than results obtained by Queiroz et al. (1988) . The mean and maximum absolute differences between simulated and experimental final moisture content were 1.05% w.b. and 1.63% w.b., respectively. Queiroz et al. (1988) , in the same comparison, using the MSU model, obtained the mean and maximum differences of 0.35% w.b. and 0.70% w.b., respectively. The largest error observed in this study probably could have been caused by lower accuracy in the Thompsons's model for drying temperatures above 100 °C, as shown in Table 5 . In this case, the Michigan model has better accuracy. Figure 7 shows the results of water removed from the grains in the simulated tests versus the experimental tests obtained by Queiroz et al. (1988) .
According to Figure 7 one can conclude that the amount of water removed from the grains in the simulation was underestimated in relation to the experimental values. The mean and maximum absolute differences between the simulated and experimental water removed from the grains were 1.18 and 1.78%, respectively. Complementing the 
CONCLUSIONS
1. According to the test procedures, LINSEC, a toolset for modeling grain dryers, can be used for modeling and simulating a concurrent flow drier and fixed bed dryer, with the great advantage of not demanding user knowledge of programming languages;
2. Modeling drying systems using LINSEC is an easy procedure that offers a large number of users the opportunity to use simulation at the development, design, evaluation and analysis of drying systems.
